JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. The composition and structure of the semiarid or desert grasslands of southwestern North America have changed over the past 150 y. Brushy or woody species in these communities have increased in density and cover. This increase in density of woody species is called brush encroachment because most of these species have been present in these communities at lower densities for thousands of years. The brushy or woody species were not introduced from other continents or from great distances. They are indigenous species that have increased in density or cover because of changes in local abiotic or biotic conditions. The brushy and woody plants are not the cause of these changes, but their increase is the result of other factors. The causes of changes that have led to the present woody-brushy composition of these semiarid grasslands has been difficult to determine. Warming of the climate seems to be a background condition, but the driving force seems to be chronic, high levels of herbivory by domestic animals. This herbivory has reduced the aboveground grass biomass, leading to the reduction of fine fuel and a concomitant reduction or complete elimination of grassland fires. This combination of factors favors the encroachment, establishment, survival and growth of woody plants. Less competition from grasses, dispersal of seeds of woody plants by domestic animals, and changes in rodent, lagomorph, and insect populations seem to modify the rate of change. Elevated levels of atmospheric CO2 are not necessary to explain shrub encroachment in these semiarid grasslands. The direction of future change is difficult to predict. The density of brushy and woody plants will probably increase as will the stature and number of species. However, if soil nutrients increase, woody legumes may be replaced by other brushy or woody species. Reversing the changes that have been going on for 150 y will be a difficult, long-term, and perhaps impossible, task.
INTRODUCTION

ENCROACHING SPECIES
It is difficult to estimate the area that has changed from semiarid grassland to shrubland in southwestern North America and the area occupied by the major encroaching species. Approximately 60 million ha are estimated (77, 86), but this area is larger than that estimated for the semiarid grasslands of southwestern North America (98). One cause of this apparent paradox is that more than one species of woody plant is found in the same area (77), and another is that some species of encroaching woody plants are found outside the semiarid grasslands but these areas have not been differentiated. The third cause is that some areas have a high density or cover of the woody plant, others are moderate, and some are light. Nonetheless, it seems that the composition and structure of most, if not all, semiarid southwestern grasslands has been changed by the encroachment of one or more shrubby or woody species.
Prosopis (mesquite, possibly P glandulosa, P. velutina, P torreyana or P julifiora, depending on the systematics and location) is the dominant woody plant on more than 38 million ha of what has been considered semiarid southwestern grasslands. Larrea tridentata (creosotebush) is the dominant shrub on more than 19 million ha of similar grasslands. Other shrubs, small trees, or succulents that have increased in density and area can be locally important, but individually do not cover nearly the same area as do Prosopis and Larrea. They include various species of Acacia, Yucca, Flourensia, Haplopappus, Opuntia, Gutierrezia, Juniperus, and Quercus (55,77,86,142). 36, 158, 176) . Because of the low stature of the plants, relatively low plant density, high belowground biomass, and high root:shoot ratios (36,158,176) competitive ability of plants in these communities may depend on root biomass, root density, root branching, root radius, root hair characteristics, mycorrhizae, timing of growth, or interactions with other soil organisms (41, 163, 165). Competition in these semiarid grasslands seems to change depending on the species and environmental conditions. Grasses inhibit the woody species most during the germination, establishment, and early growth of the woody plants (37, 158, 163) . However, the interaction seems to be reversed once the woody plant roots are below the root zone of the grasses and the woody plant shoot is above the shoot zone of the grasses (19, 28, 35,97) .
CAUSES OF ENCROACHMENT
Probably the best-studied woody species in these semiarid grasslands are Prosopis (mesquite, Prosopis glandulosa and other species) and Acacia (Acacia smallii and other species). Aboveground, belowground, and total dry mass of Prosopis glandulosa was reduced or suppressed when it was grown in the greenhouse with some C4 grasses (36,157,159,160,163 
HERBIVORY Herbivores may reduce the growth of individual plants by damaging the leaves, stems, or roots (14,80,99). Damage to plants by herbivores is determined by the timing of the encounter, location of the tissue eaten, amount of tissue eaten, and frequency of attack (50)
. By damaging plant parts, herbivores may alter a plant's ability to obtain resources or selectively eliminate a plant as a competitor, and thereby influence the outcome of species interactions (50,65,99). Furthermore, herbivory can increase the number of gaps present in the cover of these semiarid grassland communities, reduce the aboveground and belowground grass biomass, modify the pattern of resource availability, and alter biomass allocation (37,38,45,46,54,146,158) . Therefore, at the population level, damage to individual plants by removal of biomass may lead to changes in plant abundance and distribution through alteration in fecundity or ability to regrow or through changes in mortality (50,80). The ability of a plant to regrow after encounters with herbivores is usually reduced, and regrowth of grasses following removal of aboveground parts is usually associated with reductions in belowground growth and biomass (54,145,163; see however, 18,22,58,113,  114,128) .
In the semiarid grasslands of the American southwest, brush encroachment has been coincident with or been preceded by development of the livestock industry (2, 3,6,7) . Alterations in the grass species composition as well as reductions in herbaceous plant basal area, density, and aboveground and belowground biomass accompany chronic high levels of livestock grazing (84). Herbivory at low density and frequency may cause little change in a grassland community, but at high density and frequency, it can alter grassland composition, changing it to a shrubland or woodland (2).
If only grasses are consumed by herbivores, they may be at a disadvantage in their ability to interact with other plant species. If, on the other hand, browsers consume the shrubs or woody plants, the woody plants will be at a disadvantage (156) 4, 33, 34, 67, 94, 141) . Soil resources are recycled in these resource islands, making them favored sites for germination and growth of woody plants that may establish readily, thereby making it more difficult for grass reestablishment. Cyclic droughts would seem to favor the deeper-rooted woody plants, but recent changes in the rainfall regime do not seem to be a cause of establishment. Past changes in temperature and atmospheric CO2 do not appear to be the main cause of the rapid, recent shift in woody plant populations, but continued increases in temperature and atmospheric CO2 concentration will probably play some future role. It is difficult to evaluate the past role of small native mammals and insects in reducing the survival and growth of brushy and woody plant seedlings thereby maintaining the grassland habitat. It would seem that their effects would not be uniform, but important in some areas. Shifts in plant populations and soil resources would reduce some populations of animals that feed on the seedlings of woody plants that could change woody seedling survival and further alter community structure.
CONCLUSIONS
The semiarid grasslands of southwestern North America have changed dramatically over the last 150 y. These grassland communities have not been invaded by non-native bushy, shrubby, or woody species. The process is encroachment and the species are native. Encroachment of native woody species has changed the appearance and structure of many of these former semiarid grasslands to shrublands, brushlands, or woodlands. Prosopis (mesquite) has probably increased in density and cover over a larger area than any other species. Although some authors have attributed the encroachment of shrubs or woody plants into the semiarid grasslands to one factor, often climate change, most recent studies have suggested an interaction of several factors. The major cause of the encroachment of these woody species seems to be the reduction of grass biomass (fine fuel) by chronic high levels of domestic herbivory coupled to a reduction of grassland fires, which would have killed or suppressed the woody plants to the advantage of the grasses. The role of plant competition and the spread of seeds by introduced domestic herbivores seem to be secondary and probably modified the rate of change. The role of many small native mammals and insects that consume woody plant seedlings seems to be secondary and possibly localized. Secondary factors probably modified the rate of change, rather than causing the change. Thus, the brushy and woody plants are not the cause of the changes in these semiarid grasslands as is so often presumed, but they are the result of the effect of changes of other factors on the species in these grassland communities.
The stature and composition of these communities has changed dramatically over the past 150 y and will continue to change in the future. Although chronic high levels of herbivory by domestic animals seems to have been the driving force behind the changes in stature and composition of these semiarid grasslands, the direction of future change or trends is difficult to predict. All of the above factors will probably continue to interact to regulate community composition and structure. The density of shrubby and woody plants will probably increase with some increase in stature and number of species. However, if soil nutrients increase, the woody legumes may be replaced by other shrubby or woody species. Reversing the trend or changes that have been going on for 150 y will be a difficult, probably long-term process, and possibly impossible task. 
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